In the present study we report the presence of acetylcholinesterase activity and gamma-aminobutyric acid binding sites in crude extracts of Dicrocoelium dendriticum. This indirectly demonstrates the presence of acetylcholine and GABA. The presence of these neurotransmitters could indicate the existence of two systems implicated in the neurotransmission of the Digenea. 
INTRODUCTION
A cetylcholine is known to influence mobility in platyhelminths and to activate the metabolism in trematodes and cestodes. Conversely, as recent work has shown, GABA exerts an inhibitory effect in platyhelminths. Most of our present knowledge comes from studies on Schistosoma spp. and Fasciola hepatica (Geary et al., 1992; Erikson & Panula, 1994; Walker Brooks & Holden-Dye, 1996) , but little is known about the molecules implicated in neurotransmission in Dicrocoelium dendriticum, one of the most common pathogens of domestic animals. Since certain drugs are believed to affect receptors, these molecules might be proposed as attractive targets for chemotherapy in parasitic diseases. The present study has i) characterized acetylcholinesterase activity in crude extracts of Dicrocoelium dendriticum, indicating indirectly the presence of acetylcholine (Walker & Holden-Dye, 1991) and ii) made a preliminary study of GABA receptors in whole extracts from this parasite using binding assays. The object was to collect new data on the molecules implicated in neurotransmission in flatworms and in platyhelminths generally. et al., 1961; Rathaur et al., 1987) with acetylthiocholine iodide (ATCI) as a substrate. Note de recherche
405 nm measured every minute. The increases in OD were converted to units per litre (Ellman et al, 1961) .
One unit was equivalent to a 1 µmol of substrate hydro- for 2 h, to which the following were added sequentially: 2 ml of 0.1 M sodium citrate, 4 ml 30 mM CuS04.5H20, 4 ml distilled water and 4 ml 5 mM potassium ferricyanide. ChE activity produced brown bands in the gel after 2 h. The bands were then fixed in 5 % acetic acid.
H-GABA BINDING ASSAYS
In the 3 H-GABA binding assays performed, 1 ml of 6.29 mg/ml of D. dendriticum adult extract was homogenized at 4°C for 10 minutes in two volumes of 20 mM Tris-HCl buffer (pH 7.4) as previously described by Pong & Wang (1980) . The homogenate was centrifuged at 1.000 g for five minutes, the pellet (P,) was resuspended in fresh buffer (Tris-HCl buffer pH 7.4) and the supernatant (S1) was centrifuged at 60.000 g for Tables I and II. Additionally, D. dendriticum adults are known to contain embryonated eggs, so the activity detected might be attributable to miracidia. In previous work, cholinesterase activity has also been found present in embryonated eggs (unpublished data). Activity by that Fig. 1 (1) The data value are the mean of three experiences ± the standard deviation.
same enzyme was recorded using the technique of Karnovsky et al. (1964) , though only faint bands that could not be photographed appeared. Quantification according to the method of Ellman et al. (1961) revealed that the ChE rate was 0.44 U/mg protein.
The GABA-receptor dissociation constant was KD= 1.20 nM and the receptor density Bmax = 1.60 pmol/mg protein for the 3 H-GABA-specific binding site in D. dendriticum membranes as shown in Figures 2A,B . Affinity and receptor density were similar to the levels observed in the free-living nematode Caenorhabditis elegans (KD = 37 nM; Bmax = 2.25 pmol/mg protein) (Schaeffer & Bergstrom, 1988) . However, affinity was lower than that observed in the parasitic nematode Trichinella spiralis (KD = 1.20 pM), though receptor density was very similar (4.78 pmol/mg protein) (Ros-Moreno et al., 1999) . In this study we have demonstrated the presence of ChE in the cytosolic fraction in both adults and embryonated eggs of the digenetic parasitic flatworm D. dendriticum.
The enzymatic activity indirectly demonstrated the presence of acetylcholine. Additionally, this is the first discovery that GABA binding sites have been detected in the membranes of D.
dendriticum adults. These are new data concerning the physiology of this parasite, whose habitat is the gallbladder and bile ducts of sheep. As other workers have postulated in other helmiths, it may be that GABA is a beneficial inhibitory neurotransmitter in the environment low in oxygen and could be the cornerstone of an inhibitory system depressing energy consumption more efficiently at low levels of oxygen (Nilson & Wienberg, 1993; Eriksson et al., 1995) . Further research may elucidate the existence of two separate neurotransmission systems depending on oxygen level, and this is our next point of action. University, Spain). Thanks are due to Rusell Sacks for his help with the English.
